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I. INTRODUCTICN
A. Scope

The Army Unit Resiliency Analysis methodology, AURA (formerly
called Residual Combat Capability [RCC]),
is an amalgamation of analysis techniques, algorithms, and data sources
gathered from the laboratories that specialize in the various areas
which impact upon the resiliency of a military unit. There are many
such areas - unit organization and operation, cross-training, vulnera-
bilities, and threats, to name a few. As a result of its breadth and
versatility, AURA is finding application in a variety of studies con-
ducted by a number of agencies, This growth in the number of ongoing
studies is increasing the number of analysts who conduct AURA studies
and who, therefore, must learn to run the code. This report is intended
as a primer for those analysts. However, in showing some of the inputs,
outputs, and functions of AURA, this report will also give a better
operational understanding of the methodology to those needing more than
the overview level of knowledge given by Referenqes 1 through 5.

AURA was, from its inception, anticipated for multi-agency use.
Therefore, a great deal of effort was spent in making the main program
s user—-oriented &s possible.. Specific steps taken include: mnemoni-
cally keyed, free-field, English word inputs; extensive checks and diag-
nostics; machine independent coding (standard FORTRAN-77); and

J.T. Klopcic, et al, "RCC: A Methodology/Code to Model Residual
Combat Capability at the Unit Level," Ballistic Research
Laboratory, Technical Report No. ARBRL-TR-02156, April 1979,
(UNCLASSIFIED), AD’ BO37451L,

2 J.T. Klopcic, et al, "RCC: A Methodology/Code to Model Residual
Combat Capability at the Unit Level," Addendum to Reference 1,
Ballistic Research Laboratory, Technical Report No. ARBRL-TR-
021 %, September 1979, (UNCLASSIFIED), AD B042085L.

3 J.T. Klopcic and M.A. McDonald, "RCC Methodology/Code Extensions
(JUL 80): Failure Model, Repair/Return, Augmented I/0 and
Division-Level Interfacing," Ballistic Research Laboratory,
Technical Report No. ARBRL-TR-02275, December 1980,
(UNCLASSIFIED), AD A095346.

4 J.T. Klopcic and J.J. Baldauf, "The BRL Chemical Protection
Degradation Mcdel: The Degraded Effectiveness Algorithm,
Degradation Matrix and “MOPPDAT” 1Individual Performance
Database," Ballistic Research Laboratory, Draft Report,
(UNCLASSIFIED),

> J.T. Klopcic and J.C. Maloney, "New Nuclear Vulnerability

Database, Input Format and Supporting Software for RCC,"
Ballistic Research Laboratory, Memorandum Report No. ARBRL-MR-
03001, March 1980, (UNCLASSIFIED), AD A084982.
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development of data sets to allow "black-box" operation of many of the
code areas. However, like any tool, AURA still requires the user to
have some basic acquaintance with its structure and operation before he
can meaningfully begin to conduct runs. We feel that such acquaintance
is most easily and clearly gained by "following through" some illustra-
tive examples and have therefore built this report around a series of
such examples.

The format of the report is as follows. A hypothetical unit with a
corresponding mission is modeled in the first section. This unit is
then put into a number of example situations in the following sectionms.
In each section, the addition being madc to the scenario, the
corresponding additions to the runstream, and the resulting changes in
output are presented.

B. AURA Formats

—— e e

Every line of AURA input is in one of the following three forms:
all words/mames or sets of words, separated by comias; one word/name
followed by commas and numbers; or all numbers. Number: may be integers
or reals, as required by the specific input: presente of a decimal
point in a number is necessary and sufficient to indicatv a real number.
Exponential forms (e.g. 1.E6) are acceptable as reals., AURA reads all
inputs as a string of 80 characters, and then breaks the string down
into its components. In the process, all names and sets of words are
left justified. Numbers need not be placed into any particular columns,
but merely entered in the required order, and separated by blanks or
commas. Names and sets of words, which may include imbedded blanks,
must be separated from subsequent names, sets of words, or numbers by
commas.

The dollar sign, $, is a special character in an AURA input line.
A dollar sign in the first column has the following uses:

1. The card is an additional, optional input associated with the
preceding card (e.g. substitutes for a subtask (LINK) which are
optional, are entered on a card headed by a $ which follows the
LINK description card.)

2. The card is a continuation of the preceding card (i.e. the list
of words or numbers being input did not all fit on the preced-
ing card.)

The "tic-tac-toe" sign, #, is also a special character which causes
any information that follows (on the same card) to be ignored. This
Z“eature allows the user to insert comments in his runstream for his own
use. For example, in the following set of cards

LINKS
# THESE SUBTASKS REFLECT THE DIV & 0 & 0
MANUAL FDSET, 1., 25 # SLOW BACKUP FOR FADAC

bt e

Ao R

L R L AT SN Ll Rl W e W e e w s w w v




g -
« * Phiths

P PN
v "w te el e

r.}",r"',
Mt ®u "

Y

O DSl R NN 96§
. L
e et

o

Pl 4
L)
LR

‘-

Y
-
L K
. %
A P

o
5

T
S e

X
.

FCh Nl
P S

card 2 will be completely ignored, while the scan on card 3 will cease
after the "25." '

ITI. RUN # 1 ~ DEBUG

It is often convenient in running a computer code to allow the code
to test the inputs, detect errors and report on ambiguities without
attempting to execute. In AURA, this feature is called DEBUG and is
one of the options under the MODE mnemonic. In this section, we begin a
series of example analyses by presenting an example unit and developing
the AURA inputs which describe the unit. Then, using the DEBUG option,
we test the inputs,

A. The Example Unit

In AURA, a unit is described physically and functionally. The phy-
sical description consists of the elements and personnel, as would be
listed in a table of organizations and equipment (TOSE). The functional
description is the mission of the unit, the subtasks that must be done
to accomplish the mission, and the relationships between the tasks.

For this report, the example unit is a small, hypothetical supply
unit., The mission of the unit is to load trucks on order at a certain
ratio. Two classes of items, heavy and light, are to be loaded: the
heavy items, which comprise 25 percent of each load, must be loaded with
a crane; the light items can be loaded by hand or by forklift, The
order to fill the trucks is received by radio or telephone. Personnel
are required to receive the order, man the forklift and crane teams,
drive the truck, and handload if required. Handloading, however, can
never accomplish more that 65 percent of the required rate.

There is also a loadmaster, who supervises the operation. However,
the unit has functioned together long enough to work at 75 percent of
the required rate even if theloadmaster's job is not done.

For this scenario, the elements of the unit are deployed as shown
in Figure 1. Note that the coordinate system used is an arbitrary choice
of the user., The deployment establishes what we refer to as the TARGET
COORDINATE system, in which all locations are specified. The unit of
length is also arbitrary; however, the umit chosen must be used con-
sistently in all inputs, including such decisive inputs as toxic chemi-
cal dispersion, target location errors, and lethal radii for munitions.
As a standard practice, meters (length) and a convenient time unit
(minutes) are recommended.

Although not shown in Figure 1, each item, or set of items, has
conventional, nuclear, and toxic kill criteria associated with its
deployment: these criteria specify the level of damage required to
render the item deployed at that point incapable of performing the task
to be done at that point, Each item is also given conventional,
nuclear, and toxic postures, which are not shown in Figure 1.

Finally, AURA deployments define those locations at which tasks
which are not originally staffed would be done if needed. An example of
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such a task, called a "dummy 1link," is the handloading job. As
described above, if it is more effective to load the light items by
forklift, handlocading will not be done. If handloading is required,
however, it will be done where shown. Dummy links are discussed in more
detail in Section IX.A.

The code inputs to create this deployment are described in the fol-
lowing sections,

B. REPERTOIRE

One of the necessary features of a user-friendly code is a readable
input stream. The user should be able to refer to items by name
throughout his input instructions. This feature requires, however, that
the code knows which words (or sets of words) are names of items, as
opposed to names of commands. In AURA, a great deal of efficiency is
achieved by having the user teach the code the names of items (which
AURA calls assets) and weapons. This is done following the memonic
REPERTOIRE. The REPERTOIRE inputs for the example case are shown in
Figure 2.

The REPERTOIRE inputs serve another extremely useful purpose.
Often, many assets or weapons will share some common characteristics.
For example: any person may have the same vulnerability as any other
who is in the same job in the same location; a given warhead will have
the same lethality (for the same terminal orientation, height-of-burst,
etc.) regardless of the delivery system which delivered it; and any
truck is substitutable for the messenger vehicle. The REPERTOIRE input
allows attaching additional, common names to various assets and weapons.
In the subsequent inputs, those items with common characteristics can be
referred to as a group by use of their common name. Referring to Figure
2, the example case gives the common name TRK to TRUCK and CRANE, and
TALKY to RADIO, ALARM, and TELE., All personnel are designated PERSON-
NEL.

Finally, it should be noted that every asset and weapon must have
one tmique name, since certain inputs, such as DEPLOYMENT, require
specification of a particular item. Assets may have more than one
unique name; however, additional unique names are wasteful and could be
confusing if vwsed in conflict with each other and therefore trigger a
warning message.

Before continuing with the input for RUN # 1, a few general com-
ments on AURA runstream organization are in order.

1. Blocks of information are headed by a memonic card, which
indicates the type of data which is coming. An example of a
mnemonic is the REPERTOIRE card discussed above, which indi-
cates that asset and weapon names follows.
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2. A block of information is ended by an END card. The input
route will attempt to fill in omitted END cards (after giving a
warning). However, the REPERTOIRE END card is absolutely
essential.

3. The REPERTOIRE must come first, since knowledge of the names is
needed for subsequent inputs. However, following the REPER-
TOIRE END card, blocks of information can be input in any
order.

4, All inputs wuse the sp ial interpretive input routines
described in Section I.B. of this report.

5. A list of all mnemonics and a brief description of the informa-
tion block which follows is kept on a computer file. A print-
out of the file is contained in Appendix A.

It is recommended that the user refer to Appendix A throughout this
report.

D. Deployment

The unit deployment (Figure 1) i's input to AURA via the lines shown
in Figure 3. Referring to Figure 4, which contains' one line from Figure
3, one sees that the first entry is the name of the item being deployed,
as it first appeared in the Repertoire. The second and third entries
are the X and Y coordinates of the deployment point and the fourth entry
is the "average" number of FKLFT OPs located there.

Two sets of three code numbers complete the card., The first set
gives the conventional, nuclear, and toxic kill criteria for a FKLFT OP
at this point. The second set gives the initial conventional, nuclear,
and toxic postures for the FKLFT OP. These codes relate such elements
as vulnerability data and job difficulty to an item deployed at this
point; precise definition of the codes will be given within the follow-
ing sections when discussing the pertinent elements.

Appendix A lists a number of options and defaults which could be

used with the DEPLOYMENT input. Some, like posture-change-under-fire,
will be added as a more complex scenario is developed.
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DEPLOYMENT
RIT OPs» Des0es 121515253151, 0

RADIOs 06450421e0151515151,0
ALARH! 00)00’1..’191’1’10190

TELEy 0e900sl021915151,1,0

MEN» Oesles2e01s1lslslrlnl

TRUCK» 20455045046015151:1,1,0
DRIVER20425049046915153,1,1,0

FKLFT) 20057 esleslslrls)y)yC

FKLFT OP» 20¢r504510s15153515150
HANODLOAD»20e55002=545151545151,0 ¢ THIS IS A DUMMY LINK,
# THE - SIGN ABOVE IS OPTINNAL. SINCE HANDLOAD ISNT IN THE REPERTOIRE,
* THE CODE KNOWS HANDLOAD IS A DUMMY LINK.
LOADMSTR»20e580691051,1,5,1,1,0
MEN»20.98049202151515151,1

ALARMy 294580031091 :ip)51,1,0
CRANE,604560091021515151,1,0

CRANE OP»604s60es5lerlyls3,1,1,0
TRUCK»60.2604900451515151,1,0
DRIVER»60496049044515153,1,1,0
R[GGEP’bOO’bO' ’10’1)1"0’ 1) 1'0
HSS»GO.:O.oZo’l’lololyltl

E ]

Figure 3. DEPLOYMENT Input for the Example Case

FKLFT op, 20., 50., 1., 1,1,3, 1,1,0

Item name X Y No. Kill Initial
Here Criteria Posture
Codes Codes

Figure 4. One Line from the Deployment (Figure 3)
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E. Links

The subtasks which can be performed by elements of the example unit
were deacribed during the description of the unit in Section II. A. In
AURA, the effectiveness of subtask performance is quantified, in terms
of the effective assets allocated to each subtask, via link-
effectiveness curves.

MAX EFF

MIN EFF

) LI
ASSETS MIN ASSETS MAX

Figure 5. A Generalized Link-Effectiveness Curve

A generalized link-effectiveness curve is shown in Figure 5, It is
c}ear that four numbers are required to specify the generalized curve;
Viz.: MAX EFF (the maximum attainable effectiveness), ASSETS MAX (the

19




corresponding numbers of assets required for MAX EFF), MIN EFF (the
minimum effectiveness), and ASSETS MIN (the corresponding assets for MIN
EFF). These four numbers are input to AURA for each job via the LINKS
input. An additional parameter, ENT MAX, is available to 1limit the
number of entities which can engage in a particular task, e.g., there
can be only one commander, two gunners pex howitzer, etc. The format
for LINKS input is given in Appendix A,

The link-effectiveness curves for the example unit are shown in
Figure 6., The specific LINKS input to describe the curves of Figure 6 is
represented in Figure 7.

The importance and versatility of the LINKS input merit further
discussion here. First, as noted in Appendix A, the general format for
the input of the four numbers is:

LINK NAME, ASSETS MAX, MAX EFF, ENT MAX,
$M, ASSETS MIN, MIN EFF

NOTE: MAX EFF and MIN EFF must be input as percents and must be
integers (no decimal points) between 1 and 100, The remaining numbers
must be reals (with decimal points). .

It has been found, howevér, that most subtasks have the following
simple description: given enough assets, the job effectiveness is 100
percent; as the assets go to zero, so does the effectiveness. The
majority of links in Figure 6 fit this description. It was therefore
decided to adopt default values to simplify the input of such links.

PARAMETER DEFAULT

MAX EFF 100%
MIN EFF 0%
ASSETS MIN 0.
ENT MAX unlimited

With these defaults, a LINKS input reduces to
LINK NAME, ASSETS MAX, ENT MAX

for an entity limited link, and
LINK NAME, ASSETS MAX

for an unlimited link. LOADMSTR and TRUCK in Figure 7 are examples of
such inputs.

The LINKS input is also used to input other information pertinent
to the accomplishment of subtasks., The normal link is named after the
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LINKS

ORIVER, 1., 1.

$A, TRUCK
SPERSONNEL

$T, 15,

$E€, .85

RADIO,I.B

TELE, 1.,

TRUCK, 1 . 0

CRANE OP, 1. 0 1.8
$A, CRANE

$FKLFT OP, RIGGER, LOADMSTR
$T, 18., 5., S.
$€E, 2.8, 0.5, 1.0
RIGGER, 1.8
$PERSONNEL

$T, S,

$E, 6.6

R/T OP, 1.0, 1.8
SLOADMSTR PERSONNEL
$T,20., 15.

$E' ‘-a' 018
FKLFT, 1.0

CRANE, 1.0

FKLFT OP, 1.0, 1.8
$A, FKLFT

SCRANE 0P, LOADMSTR, PERSONNEL
$E, 0.9, 1.0, 8.2
sT, 10., 5., S.
LOADMSTR, 1., 2.
$M, 75

HANDLOAD, 5.8, 6S
$M,1.09

"$PERSONNEL

$E. 1.

sT,S.

END
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Figure 7. LINKS Input for the Example Case
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functional group whose primary job is the link subtask. For example,
the RIGGER and RADIO links have the same names that were given (in the
REPERTOIRE) to the RIGGER person and RADIO piece of equipment. Whenever
a link has the same name as an asset, AURA automatically assumes: that
items of the asset can be assigned to do the link subtask; that such
items need no time to get into the job; and that, if not otherwise
degraded, such items can perform at an effectiveness of 1. (i.e., by
members of functional groups other than the one for whom the link is
named). Substitutes are named on a card beginning with a dollar sign
($), which follows a link card. For example, in Figure 7, the R/T OP
link contains the following lines.

R/T OP, 1.0, 1.0

* SLOADMSTR, PERSONNEL
$T, 20., 15.
$E, 1.0, 0.8

These cards give AURA the following information about the R/T 0P
job:
a, The normal performer of the job is the person called R/T OP (as
listed in the REPERTOIRE).

b. One person is sufficiént for 100 percent performance.

c. A maximum of one person can do the job.

d. The person called LOADMSTR in the REPERTOIRE can be substituted
into the job, as can everyone having the additional name PER-
SONNEL,

e. The LOADMSTR requires 20 minutes to get into the job., Other
PERSONNEL require 15.

f. The LOADMSTR can pexrform at effectiveness 1. (as well as the
R/T OP himself), whereas other PERSONNEL can be at best .8.

The last two pieces of information (e. and f.) came from the cards
headed $T and $E.

These cards (either one first) MUST follow every substitution card,
and contain an effectiveness and substitution time for each asset name
on the substitution card.

” The final link option shown in Figure 7 is the associated link.
tg; For example, the DRIVER link has the following cards:
L DRIVER, 1., 1.
S $A, TRUCK
0 $PERSONNEL
o $T, 15.
Fo $E, .85
N‘:.‘-
i\:}. i 23
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Normally, the value of ENT MAX (the sccond onc on thc DRIVER card)
is taken as an absolute number. An absolute ENT MAX would mean that a
maximum of onme driver could be used. (This prevents using two ineffec-
tive substitutes as an effective replacement for one good driver.) How-
ever, in actuality, the maximum number of drivers depends on the number
of items assigned to the TRUCK subtask. To input this information, the
user can "associate" the TRUCK link to the DRIVER by using the S$A card.
The effect of including the $A card is to cause AURA to interpret the
ENT MAX number as relative to the items available in the associated
LINK. In the DRIVER example, upon reading the $A card, AURA interprets

W the second one on the DRIVER card as meaning " a maximum of one per
i TRUCK." On the other hand, the R/T OP example above, which had ENT MAX
Vi = 1 but no SA card, is interpreted as "a maximum of one person can be .

assigned to this job, regardless of any other LINKS."

F. SUBCHAINS

Some jobs require more than one link subtask to be performed in
order to achieve any results. For example, the crane AND the crane
operator AND the rigger jobs must be done to have crane capability. In
AURA, the construction used to show an AND relationship between links is
the SUBCHAIN. The subchains used for the example unit are shown in Fig-
ure 8. The inputs used to generate them are shown in Figure 9.

. Note that subchain names must be of the form *N, where N is an
integer between 1 and 26.

G. ORLINKS

‘,
.

Situations occur in which a choice can be made between two or more
procedures in order to accomplish a task. For' example, a wmit might
choose between radio OR telephone communications to receive a message.
In AURA, the exclusive OR relationship between procedures is input via
the ORLINK construction., The orlinks used for the example unit are

show§lin Figure 10, The inputs used to generate them are shown in Fig-
ure 11,

et
g

>
-

i

PRI !.

Note that orlink names must be of the “orm +N, where N is an
integer between 1 and 23,

Another possible relationship between combinations of subtasks is
e that in which each combination independently contributes a part of a
i larger segment of work, In the example unit, the crane team contributes .
25 percent to the overall truck loading, while the light item loading
(forklift team or handloading) contributes 75 percent. This relation-
ship, in which each procedure contributes an additive part to a larger
task, is modeled in AURA as a COMPOUND LINK. The compound link used for
the example unit is diagramed in Figure 12. Notice that the compound
link is made up of subchains, 1links, and orlinks described in the
preceding sections., The inputs used to generate the compound link are
shown in Figure 13.
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Figure 8. SUBCHAINS from the Example Case
!

SUBCHAINS
*1, FKLFT, FKLFT OP
;ﬁﬁ CRANE, CRANE OP, RIGGER

Figure 9. SUBCHAIN Input for the Example Case
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WX

RADIO

S LN ey
e e WY

+1]

TELER

*1

>

FORKUFTH aas |

MEN

Figure 10. ORLINKS from the Example Case

ORLINK

+1, RADIO, TELE
+2, *1, HANDLOAD
END

Figure 11. ORLINK Input for the Example Case
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{LOADING TECHNIQUE

.
FORKLIFTH ORea |

75

—IMEN

o o - —

LY I
'25{ CRANEHCRME | {RicgeR ]

Figure 12. COMPOUND LINK from the Example Case
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COMPOUND LINK
!LOADING TECHNIQUE
+2, 0.75

*2, 0.25

END

Figure 13. COMPOUND LINK inputs for the example case

Note that the compound link name begins with an exclamation sign

(.

I. CHAINS

Finally, the various functions of a unit must be combined into one
or more overall procedures in order to accomplish the unit mission.
This final, overall combination is in the form of a series of ANDs. 1In
the example case, the imit must have communication equipment AND commun-
ication people AND loading capability AND a truck to load AND .... In
AURA, this final compilation of major functions is called a CHAIN. As
shown in subsequent sections, a unit may have several chains which are
simultaneously operant (AURA chooses the most effective) or sequentially
operant to model mission changes with time. However, for this initial
example, only one chain was ‘mneeded; it is shown in Figure 14. The
inputs to create the chain are presented in Figure 1l5.

CHAINS
R/T OP, +1, !LOADING TECHNIQUE, TRUCK, LOADMSTR
END

Figure 15, CHAIN input for the example case

Note that chains need no name. In runs involving more than one
chain, results are output by chain in the order of input.

J. Comments_on Functional Structure

Since the performance of, and relationship between, individual
tasks is one the most complicated facets of any joint human venture, it
is inevitable that a realistic, yet general, tool for modeling a unit
mugt itself appear complicated. The approach taken in constructing the
functional structure and associated optimization portions of AURA was to
isolate and quantify subtasks, and then describe the relationship
between them. This approach appears to fit well with the way that unit
personnel think of their units. We have therefore found it easy to model
units using information gathered through asking field experienced people
to answer straightforward questions:

1. What tasks were done in your unit?
2, Who did them?

3. How well/and how fast?

28
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4.  What was the task flow, i.e., where did a job normally start?
Where did it go from there? etc.

5. Are there variations on the above?

The answers to these questions can be put straight' into parameters
for links, subchains, etc. A bonus in this approach is the intuitive
shape of the result: the chain in Figure 14 "looks like" the operation
of the unit.

The final inputs for the example case are those that set the mode
to DEBUG (described in the introduction to Section II), and input a
heading for the output. The GO card informs the code that all input has
been received and the analysis can begin. After completing the
analysis, AURA again returns to the runstream for further instructions.
The STOP card indicates that no instructions follow and that the file
closing and run termination routines can be called.

The entire runstream for the example case is presented in Figure
16. ‘

L. Execution of an AURA Run.

Currently, all AURA runs are done in “batch” mode, i.e., with all
instructions and data assembled before execution of the program. It is
quite convenient, at most computer facilities, to assemble the runstream
(Figure 16) in a file, using local editing procedures. Such a file can
then be attached to AURA runs. To facilitate this process, the AURA
code begins by reading, from INPUT, the name of the file containing the
runstream. Optionally, it will also read a comment line which is to be
printed at the top of output. It then transfers all input READs to the
named file until the program stops.

Although the executive language used by each computer manufacturer
is different from all others, a generic example of an execution stream
can be given (Figure 17).

<Executive command section>

ATTACH runstream with (local) FILENAME
EXECUTE AURA

<Input data section>

FILENAME

Comment for addition to Hesding

Figure 17. Generic Execution STREAM

ITI, ORGANIZATION AND CONTROL OF OUTPUT

Analyses involving the AURA methodology can generate prohibitively
large amounts of various kinds of data. It is possible, for example, to

30
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#THIS IS THE INPUT FOR RUN #1
REPERTOIRE

FGS

TRUCK, TRK

FKLFT

CRANE» TRK

RADLOs TALKY

AL ARM, TALKY

TELE, TALKY

R/T 0P, PERSONNEL
LOADMS TR, PERSONNEL
DRIVERs PERSONNEL
MEN, SERSINNEL
FKLFT 0P, PERSDNNFL
CRANE 0P, PERSONNEL
RIGGER » PERSONNEL

# ANY RUN WHICH FMPLOYS AEAPONS ( REF, OTHER EXAMPLES IN THIS REPIRT )
# MUST LIST WEAPON NAMES AFTER A "WFEAPON" CARD TN THL RFPERTOIRE

END ¢ THIS END CARD IS S£SSENTIAL

# NOTS THZ USE OF THE # SIGN TD INPUT COMMENTS TRANSPARFNT TO THE CODE

DEPLOYMENT

R/T 0Py 0es0es Lleslyly2515150
RADID) OesDdesleslslslrlslsd
ALARMY DasDesleslslolylyls
TELEs Ossderluslolslslslsd

MENy) Desles2e91s1s15151,51

TRUCKy 2049500906919 1s151»1,0
DRIVER$2045500904n91s1351515)
FKLFTs 20495949 1es1ls19191s159
FKLFT OPy 224950490 109151535151,50

HANDLIIAD» 20095009 =3e2Lbslodslylsd # THIS TS A DUMMY LINK,

¥ THE - SIGN ABIVE IS OPTITMMAL. SINCE HANDLNAD [SN'T IN THF RFPERTOIRE

# THE CODE XKNAOUWS HANDLAOAD IS A DJHMY LINK,
LOAIMSTR 20498009 Leslsledslyly0
MEN+2045800920315L91s1s1sl
ALARMy 204980091l lrlylslsls?
CRANE» 6049539491 es1s1s1519150
CRANE NPy 60e9H0esleslslsy3slsly0
TRUCK» 604950450445 151515151590
DRIVER sHGe9H5Ues0e4s19Lls391s150
RIGGER»60¢960091eslslsbylsls0
MENsBDes0e92es1s1ls1slslsl

END

LINKS

DRIVERy l4s 1,

$4» TRUCK

$PERSONNEL

$T1150

$E;.85

RADIDs 1.0

TELEsLl WD

Figure 16. The Initial Runstream for the Example Case
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TRUCK» 1.0

CRANE 0P»1.0,1.0

$A, CRANE

$FKLFT 0Py RIGGER, LOADMSTR
$Ts 1045 Ses 5.

SE, 008) 0059 100
RIGGER, 1.0

$PERSONNEL

$T’ S5e

$E) O b

R/T 0Py 1.0 1.9
$LOADM STR, PERSONNEL
$T’20')150

$E’ 100) Ooq

FKLFTy 1.0

CRANEY 14D

FKLFT 9Py 140s 149

$Ay FKLFT

SCRANE 0P, LOADMSTR, PERSONNEL
$E,OOQ) 100’ D42

iT:‘ 100, 50) 50

LOADMSTRs ley 2.

$M275 ‘
HANDLDAD, 5.0, 65

$M)100

$PERSONNEL

$E}10

$Ts5,

END

SUBCHAINS

*1y FKLFT, FKLFT 0P

*¥2y CRANEs, CRANc IPy, RIGSRR
END

ORLINK

+1, RARIOs TELE

+2y ¥1, HANDLOAD

END

COMPOUND LINK

'LOADING TECHNIQU:

+2y 0,75

¥29 0425

END

CHAINS

R/T 1P, +1, I1LOADING TECHNIOQUS, TRUCK, LIADMSTR
END

MODE

DEBiJG, DN

END

HEADING

FIRST EXAMPLE RUN - DEBUG
END

GO

STOP

. o S0 TN Shu- Y- 8 w n
el 'vj [ AR
P P L R et at ol A
»

X
Ferits

A
Ay

-

Figure 16. The Initial Runstream for the Example Case (con't)
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print out the impact point of every incoming round: for 100 replica-
tions of a study involving a heavy artillery barrage, the impact point
print-out alomne could consume 10,000 pages of computer paper. For this
reason, AURA is equipped with print options (see the OUTPUT instructions
in Appendix A), by which the user selects the entities he wishes
printed. When no options are invoked, the defaults in AURA result in a
moderate amount of print-out which includes a consolidation of the
inputs and a report of the final, average results at each time point.
For this first example case, no output options were invoked.

It is also useful to have a feeling for the organization of the
output. That organization is outlined in Table 1.

TABLE 1. OUTLINE OF AURA OUTPUT

I. CONSOLIDATION of INPUTS
A. Mnemonic control cards
B. Heading
C. Event-table and miscellaneous
D. Weapons

1. Names, yield¢, delivery errors
2. Dispersivn pattern envelope (TOXIC rounds)

E. Assets
1. Names, numbers, and other #ccounts
2. Degradation information
3. Reliability and repair data
F. Link Definition Table
G. Link-Assets Substitutability Matrix
H. Subchaing, Orlinke, Compound Links, and Chains
I, Chain Plots
J. Deployment Table
K. Deployment Plots
II. Intermediate Results
As requested:

A. VWeapon actual ground zeroes

B, Casualties, contaminations

33
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C. Dosages
D. Repairs begun, completed
E. Asset allocation decisions, shortcomings
F. Replication summaries
III, Final Results vs. time
A, Effectiveness, statistics, and distribution
B. Functional groups
1. Survivors
2. Dosages
3. Contaminations
C. LINK Result Table
D. CHAIN Results
IV. At-End Averages

t

Certain at-end statistics, such as repair results, reliability
failures, etc.

V. Repeat of Lethality, Vulnerability, and Dissemination Files

In addition, outputs may contsin a number of information, warning,
Or error messages.

IV. OUTPUT #1

Figure 18 contains the mnemonic control card output from the exam-
ple case. This section is printed during the actual reading of input.
(A1l other output follows the initial pre-processing of input data.)
This procedure results in an audit to the input processing: if a fatal
error occurs during input, the user can immediately tell which input
data type caused the problem,

Comparing Figure 18 with Figure 16, one notes that the numbered
lines in the output correspond to the memonics in the input. Notice,
too, that informative warning lines were inserted, all prompted by the
use of the demmy link HANDLOAD. First, during deployment, the input
routine found that HANDLOAD had not been identified as an asset. AURA
therefore assumed that it was a dummy link. Since the LINK input had
not yet been processed, the deployment routine initiated the dummy link
definition and printed the informative warning.
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Likewise, during link input, AURA recognized that HANDLOAD is not a
link which is named after its primary performer; this resulted in the
message that HANDLOAD does not appear in the REPERTOIRE, and that a
dummy link is assumed. The match up between links and deployment is
made after all inputs have been read. Thus, the order of these inputs
is immaterial.

B. Heading, Event Table and Miscellaneous

Figure 19 contains the heading, event table, and miscellaneous
information. Since this run, in the DEBUG mode, involved no events
(incoming warheads arriving, reconstitutions, etc.), there are no
entries in the event table.

The columns of the event table give the following information as
appropriate for each particular event.

EVENT number
TIME of event occurrence
EVENT TYPE - such as "lethality" or "reconstitution"

OPERANT CHAIN - the unit functional structure available to
the commander at this event time

WPN TYPE - weapon number (lethality events only)
RECUPTIME - time for substitution (reconstitution events only)
NO. RNDS - number of rounds in volley (lethality events)
+/- RAM - externally applied losses or reinforcements
DGZ - designated aimpoint (lethality events)
TLE - target location error (TLE change event)
VOLLEY ANGLE - volley parameters (lethality event)
VOLLEY LENGTH - volley parameters (lethality event)
JEVNT - a programmer”s code number
C. Assets

— s 1t e o

Since no weapons were included in the REPERTOIRE, there are no
weapons listed in the output. In accord with Table 1, the next outputs
pertain to assets. Figure 20 lists the names and associated data for
all assets listed in the REPERTOIRE. The columns of the asset table
give additional (processed) information:

ID - internally assigned asset number

VRS - versatility, jobs this asset can do
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IVL -~ a nuclear vulnerability code,
(0 = personnel, - 1 = no data)

CNTBU - chains in which this item can be used in a
contaminated state

PRSFC - maximum and minimum persistence factors
(pertain to chemical contamination)

GRNUL - granularity, a user option to control
assignment step size - (not often used)

EXPND RT - expenditure rate for expendable items
NO. - number of items deployed

Although this run did not involve the employment of any toxic chem-
ical weapons, the individuals were given chemical protective (MOPP) pos-
tures (viz the last number on each deployment card ~ see Appendix A.)
Therefore, the degradation by MOPP table is printed.

D. Link Definition_Table

Figure 21 contains the parameters used to model the subtasks, as
described in Section II, E. The only additional, processed data in the
table are:

HOME ID - the internal number of the asset for which
the link was named

INLNK - a cross-reference of how many items were
deployed to serve in each link, and

MAX IN ~ the effective number of assigned assets for maximum task
effectiveness

MAX EFF - the maximum task effectiveness

MIN IN - the effective number of assigned assets below which task
effectiveness is at its minimum

MIN EFF - the minimum task effectiveness

MAX INLNK - The maximum number of individuals (regardless of individual
effectiveness) which .an be assigned to a task

ASSOCIATED LINK - A different task which influences MAX INLNK for this task
NOT IN LINK - the number of items deployed which have no primary job.

Note that the dummy link is designated as occupied by a negative
number of items, in accord with Section II. E.
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E. Link - Asset_ Substitutability Mairix

Figure 22 contains the next output, the link~ substitutability
matrix. For each functional group, the links in which it can serve are
shown. The letter H stands for "home," the primary job of the asset in
which it can immediately serve with 1.0 effectiveness. An entry of the
form time/effectiveness/order indicates a job into which the asset can
substitute in the time and with the effectiveness shown. (The "order"
number indicates the order in which the user specified the substitutes
and is used to choose one particular substitute over another if all
other quantities - versatility, effectiveness, etc, - are equal.)
Finally, a blank entry shows that no substitution is possible.

Figure 23 containr, a recapitulation of the inputs for subchains,
orlinks, compound links, and chains, as described in Sections II. F, G,
H, and 1.

G. Chain Plots

o ¢ e ey S S e s

Figure 24 shows a line-printer depiction of the functional struc-
ture (Figure 14). 1In this figure, different kinds of horizontal lines
of characters are used to delineate the various constructs: asterisks

(*¥) for subchains, plus signs (+) for orlirks, and exclamation points
(1) for compound links.

e e oy e e e B st St e s S i ot ik et e P e e S e o G

Figure 25 contains a recapitulation of the deployment information.
(The kill criteria and posture codes will be explained when used in the
following sections).

Information listed is:

ID, ASSET ~ ID number and name of asset or dummy link deployed at
this point

LNK - The task being done at this point
XTAR,YTAR - Coordinates of the point
HOWMNY - Number of assets deployed

KCAT - Conventional Kiil Criteria Code
NKCAT - Nuclear Kill Criteria Code
TKCAT - Nucle, v Posture Code

PSTR - Conventional Posture Code

NUCVR - Nuclear Posture Code

MOPP - MOPP Posture Code

41
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LINKS IN EACH SUBCHAIN
BhkkRkRk Rk Rk kRkkk

SUBCHAIN LINKS

BRANCHES IN EACH ORLINK
[ Z T TR S R TR R P

ORL INK BRANCHES

41 3 4
+2 *1 1
COMPOUND (CP) LINKS
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SEGMENTS IN EACH CHAIN
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0 Figure 23. Recapitulation of Subchains, Orlinks, _
h Compound Links and Chain Inputs
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#xx PLIT OF CHAIN # 1 COPERANT TIMES: ( 0.00 - INFo )
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o Figure 24, Line Printer Depiction of Unit Functional Structure
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Figure 26 is a line printer plot of the -deployment.
group items are represented by their (2-digit) ID numbers. Co-located
elements are depicted side-by-side. The co~location problem, plus the
coarse granularity of a line printer, results in these deployment plots
being unavoidably distorted. The user is therefore warned to use these
plots as quick checks of data, NOT as scaled drawings of the battle-
field. (Note: Utility graphics programs do exist to produce scaled
drawings of AURA inputs and cutputs,)

Functional

The deployment plot also shows two directions relative to the -
deployment coordinates, viz, the incoming fire and downwind directions.
(Use of these directions are discussed in subsequent sections.) 1In ‘
these depictions, the incoming fire direction is from the AAs toward the |
BBs; the wind blows from the YYs to the ZZs. |

——— e e e e S e e 0 L e e e ot e

Printing out of the deployment plot completes the input recapitula-
tion (Section I in Table 1). Since RUN #1 was in the DEBUG ("process |
input but do not execute") mode, there is no further output. A complete
listing of the outputs generated by RUN #1 can be found in Appendix B.

The runstream (Figure 16) had been .corrected before being run. For
that reason, the only error messages orinted were the informative warn-
ings described in Section IV A, There are, however, over 150 different
checks that are made on the correctness, completeness, and consistency
of the input data. Depending on the severity of the irregularity
involved, AURA prints informative, warning, or (fatal) error messages.

When possible, processing then continues until all input data has been
diagnosed.

V. RUN #2 - EQUIPMENT FAILURE
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In RUN #2, the DEBUG option is removed and the first operational
runs are made. In this run, a loss mechanism, viz, mechanical failure
of forklift and crane, is also added; and excursions are done to show
the sensitivity of results to the failure rates.

The failure of items is initiated by specifying failure rates for

them. As shown in Appendix A this is done via the FAILURE RATE option. o
AURA allows three levels of failure, called light, medium, and dead. L
These levels allow the modeling of repairs that require different assets

and repair times. Since repairs are not introduced in RUN #2, the dif- -

ferent levels have no effect in the output.
specified in anticipation of RUN #3,

However, levels will be

For this run,
significant failure
expressed in minutes:

it is assumed that only forklifts and cranes have
rates, with mean time between failures (MTBF)
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CRANE : MIBF = 1080
FORKLIFT : MIBF =720

(807 LIGHT, 10% MEDIUM, 10% DEAD.)

B. Reconstitution Events

The AURA effectiveness values describe the ability of the modeled
unit to do a mission. It follows, therefore, that to compute effective-
ness requires AURA to go through the process of takins an inventory of
assets and allocating them to the subtasks. This process, referred to
as reconstitution, is performed at specific times, as controlled by the
user.

Since a major purpose of AURA is to measure the effects of events
upon a unit, the user generally wants reconstitutions and evaluations to
take place at specified times relative to certain events, rather than at
specific '"clock" times within his scenario. (The primary example of
such an event is a lethality event, the arrival of a threat warhead.)
Thus, rather than asking for effectiveness at 100, 200, and 1000 minutes
into the scenario, the user is more concerned with the effectiveness at
100, 200, and 1000 minutes after the arrival of a hostile warhead.

To facilitate specifying relative time points, AURA has the INTER-
NAL RECONSTITUTION TIMES input (see Appendix A). The INTERNAL card is
followed by times; these times are automatically interpreted as time
intervals after every lethality event. The AURA preprocessor inserts
reconstitution events into the event table (agenda) for the scenaric at
appropriate intervals after every lethality event. Note, however, that
the occurrence of a new lethality event interrupts any time intervals
from a preceding event. Thus, if the time intervals were 10 and 100
minutes and lethality events occurred at 50 and 75 (clock) minutes into
the scenario, reconstitutions would occur at times 60, 85, and 175: The
reconstitution at 150 (100 minutes after the first lethality event) is
eliminated by the intervening lethality event at 75.

For this run, time intervals of 10, 60, 120, and 18 minutes were
chosen.

Notice, however, that this run did not involve the arrival of hos-
tile warheads. It is therefore necessary to specify the time points, in
"clock minutes," from which to measure the time intervals. To do this,
AURA provides the user with the RECONSTITUTION option. As shown in
Appendix A, the RECONSTITUTION card is followed by (clock) times. AURA
treats each time as an event from which to measure time intervals and
insert reconstitution events.

For this run, reconstitution points were specified every three
hours (0, 180, 360, 540,...). The last point, at 1260, causes the last
event to be inserted at clock time 1440, (180 minutes after 1260),
resulting in a total scenario of 24 hours.
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The failure of items in AURA is modeled using a Monte Carlo tech-
nique: random numbers are drawn against (exponentially distributed)
failure probabilities. It is necessary, therefore, to run a number of
interactions in order to draw a sufficient number of random numbers to
accurately reflect the failure distribution. This need for replications
applies to all AURA runs involving Monte Carlo modeled phenomena, espe-
cially those involving the arrival of threat warheads. The number of
replications needed to confidently probe a distribution is a subject of

. considerable study and will not be discussed here. However, the user
will note that the standard deviation and frequency distribution of
results, two quantities of use in establishing the confidence level of
the mean results, are standard AURA outputs.

For this run, 50 replications will be made.

D. Runstream for RUN_#2

The total runstream for RUN #2 is shown in Figure 27. The dashed
line delineates data added for this run. In addition, note that the
MODE-DEBUG command was removed.

E. Output from RUN #2

e T e e e g et e e e P e S P e e S i A S ey

dix C, The first eight pages, which contain the repeat of the inputs
(Section I in Table 1), is very similar to the output from RUN #l1
(Appendix B). The two additions to the RUN #1 output are the expanded
event table and the reliability~-type failure data, shown in Figure 28.

The event table is read as follows: the first two columns give the
event number and time; the next column gives the event type. Here,
"INITIAL" is a reconstitution event inserted by AURA to establish the
initial condition (allocations, deployments, etc.) for the unit. "USER
RCNST" is a (clock) time point specified by the input, from which to
measure internal reconstitution time intervals. Three "RCNSTITUTE"
events follow, spaced at 10, 60, and 120 minutes; these events were
inserted by AURA, as discussed in Section V. B. It is at these RCNSTI-
TUTE events that AURA will optimize the allocation of surviving assets
and evaluate the unit effectiveness,

Following the event column, the event table gives specific data
pertaining to each event. The columns, therefore, may contain different
parameters, depending on the event type. For this run, only two data
are given "OPERANT CHAINS" indicating the chains (combinations of tasks)
( - which are available to the commander for performance of the mission:
here, only one chain (#1) is available. The next column gives the amount
of time since the most recent attack, which is a measure of time to
reconstitute. Here, since no attacks have been specified, the RECUPTIME
equals the clock time.

T T

-
L

(Three other columns, marked "JEVNT," are included on the output.

These contain internally generated pointers to data of interest to AURA
programmers only.)

e "y
13 o 1
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#THIS IS THE INPUT FIR RUN €2

REPERTOIRE

FGS

TRUCK» TRK

FKLFT

CRANK , TRK

RADINy TALKY

ALARM s TALKY

TELE) TALKY

R/IT 0Py PZREONNYL

LOADXSTRy PERSOMNEL

DRIVEP, PLRSONNEL

MENs PFRSONNEL

FKLFT OPs PIRSONNtL

CRAN:Z 0Py, PrRSONN:L

RIGGER) PERSINNFL

# ANY RUN WHICH EMPLOYS WJEAOJINS ( REFe OTHSR EXAMPLZS IN THIS REPORT )
# MUST LIST WzA40(N NAMES AFTFR A "WFAPON®™ CARD IWN TH: REPERTOIRE
END & THIS %nD CARD IS RE3SNTIAL

# NGTE THE USE NF THE # CIGM TO INOUT COMMENTS TRANSPARENT T T4 €90t
DEPLOYMENT :

R/IT OPs DasCos leslsls2s1,1,3

RAD1Ty Ces»Oeslesrlslslslsly)

ALARY ) JesUeslaslslslslslsd

TELEs CUescesrleslslslsylylsd

McNs Cesles2e01ls15l9lslsl

TRUCKy 20es50esNebslslslslslh:
DRIVER)ZIe950es0ebslr1s351,1,0

FKLFTs 20es50e2leslslalslslsd

FKLFT CPs» 2(0950es2leslsls3srlrlsl

YANDLOAD» 20¢25009=5e2 1010451y 1sn # THIS IS A DUMMY LINKe
# THF = SIGN APNYE IS IPTITMALe SINCE HANDLOAD ISN'T IN THe REPERTOIPE,
# THe CODT KNOWS HANDLIAD IS A DUMMY LINK.
LOADMSTR» 2098l esleslsnlnSrlslyn
MEN)20e910052e3191515151»1

ALAPH)y 20435Cesleslslslslyl,yd
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MEN)S%e2Je22e2121519151)1

END
LINKS
DRIVER, lss 1le ]
$Ay TRUCK .
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sT’ 15 [y
$9435
RADIJs1eD
TELFslel
- Figure 27. RUNSTREAM for RUN #2
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*¥1, FXLFT, FKLFY QP

%2, CRANF, CRANE 3P, RISGGER

END ‘

OR LINK

+1y RADIDs TELE

+2y *1, HaANDLOAD

END

COMPOUND LINK
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+29 De75

*¥2, 0425

END
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HE ADING
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FKLFT) 720.) .E) 01
END_

Figure 27. RUNSTREAM for RUN #2 (con't)
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INTERNAL RECONSTITUTION TIM®S

¥THeS: ARF THL TIMc INTZIRVALS FOR R*CONSTes» KeLATIVe TO OTHSR EVENTS
1Ce260e912029180,

END .

RECONSTITUTIONS

#THIS INSERTS DUMHKY ZVANTS T ALLOW FIXING T4 A33VE INTERVALS
Cerl30e2350095404972009900¢21030e2126C,

#NOTC THAT THISE AbZ ABSOLUTE SCENARIN “CLICK™ TIM:=S, AS QOPPOSED TO Tsf
#RELATIV: TIMFS SPECIFIZN ASTER THF INTHERMAL CARD

END

REPLICATIONS
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Figur~ 27, RUNSTREAM for RUN #2 (con't)
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E.2. Results. After printing the consolidation of inputs, AURA
begins replications through the event simulations. As listed in Table
1, many intermediate results are available at this point. However, in
RUN #2, no intermediate outputs were turned on. Therefore, following
the consolidation of inputs, the RUN #2 output begins a report of

results.

First, to assure attention to warnings that were generated in the
run, the results section is headed by a repeat of all warnings. Next
follows a major output, the effectiveness vs. time, as shown in Figure
29, The left-most column gives the (clock) time points, which
corresponds to the RCNSTITUTE points in the event table. At each time
point, the effectiveness - averaged over 50 replications - and the stan-
dard deviation in the average are given. One notes that the effective-
ness begins at 1.0 and steadily decreases, ending at 0.63 by time 1440.
These monotonically decreasing results, which are plotted in Figure 30,
reflect the kind of behavior to be expected in a system with failures
but no repair.

As shown in Figure 29, the effectiveness versus time output also
includes the distribution of results at each time. This output records
the number of interactions resulting in effectiveness values falling
within the listed ranges. Thus, the distribution output shows whether
the average effectiveness resulted from a spread of results, a single
cluster of results, or multiple clusters. In the present case, it
appears that the results indeed cluster about the average. One notes,
however, that no results fall below 0.40., As will be apparent below,
this results from the availability of the HANDLOAD alternative to pro-
vide some loading capability even when both FKLFT and CRANE have failed.

The next output, shown in Figure 31, is the asset survivor table,
averaged over the 50 replications. As expected, the average number of
FKLFTs and CRANEs decreases, with a faster decrease in FKLFT reflecting
its shorter mean time between failures (MTBF).

The next output is the link summary table. This table reports,
where applicable, six results for each link for each reconstitution
time:

1. Number of replications in which the link was used.

2.  Number of replications in which the link was weak duve to lack
of assets.

3. Number of replications in which the link was weak due to lim-
ited number allowed in link.

4,  Number of replications in which the link was 0 in a compound
link, and thus not used at all,
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5. Number of replications in which the link was used in an "as
available" (non-optimized) application.

6. Number of replications in which the link was weak when used “as
available."

Figure 32 contains the link summary table for RUN #2. As an exam-
ple, refer to the six lines for time 370. Reading across the first
(number of uses) line, one sees thar four links {(RADIO, TRUCK, R/T OP,
and LOADMSTR) were used in all 50 replications. This is consistent with
the number of non-zero replications reported in the results distribution
table (Figure 29), and the observation that the structure of the job
(chain) requires these jobs in every non-zero replication. The crane
team members (CRANE, CRANE OP, and RIGGER) had only 39 uses: thus, in
11 replications, the unit was unable to load heavy items at time 370.
The forklift team (FKLFT and FKLFT OP) had only 32 uses. Some light
loading capability was still available, however, via the HANDLOAD link;
and one sees that HANDLOAD was used in 18 replications.

Scanning line 2, the '"weakest link because of assets" line, it is

seen that the HANDLOAD link was the weakest link in every chain in which
it was used.

Since RUN #2 involves no limitations on number of substitutes, and
no "as available" activities, linec #3, 5, and 6 can have no non-zero
entries. In line #4, "number of timzs = 0 in a compound link; has an
entry (10) for the CRANE. This indicates that, in the 10 replications

in which the crane team did not function, the CRANE job is the one which
could not be accomplished.

The final outputs from RUN #2 are the chain results and end-of-
encounter summaries. Since only one chain was used in every replica-
tion, the chain results merely repeat the encounter results (Figure 29).
The end-of-encounter results, Figure 33, gives the average numbers of

light, medium, and dead failures, and the average equipment status at
the end of the encounter.

The complete output from RUN #2 is contained in Appendix C.

VI. RUN #3 - REPAIR

A. Repair_Inputs

In this run, repair activity is added. In AURA (as in an actuval
unit), repair requires the commitment of resources for various amounts
of time. The inpur {see Appendix A) therefore calls for the specifica-

tion of tasks which must be done to effect the repair, as well as the
times that are required.

For this run, assume that light damage can be repaired in an aver-
age of 120 minutes with a standard deviation of +/-50 minutes, while the
corresponding times for medium damage are 360 +/-100 minutes. Further-
more, assume that only the two operators and the loadmaster are capable
of performing the repair task, that two people are required for 100

b RN
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percent effectiveness; and the repairs are done at location 10., 10.
(near the radio operator).

Repairs can also require spare parts, which are expended by the
repair process. Deployment of parts and definition of the task (LINK)
that parts fill is done no differently than for any other material.
However, use of the EXPENDABLE option (see Appendix A) causes parts to
be used up proportionally to the repairs that are completed.

For this run, assume that the parts required for repairing light
damage are called PARTS, that they are stocked and used in discrete
sets, one per repair, and that they are deployed at the 10., 10. repair
location.

It will be illustrative, on this run, to look in detail at some of
the intermediate occurrences. For example, if the unit is limited by a
repairable item, the decision may be made to allocate assets to the
repair task., Thus, it might be of interest to have failures, repair
activity, and asset allocation reported. AURA allows the user to
specify which of several kinds of intermediate results are output.
These options are listed in Appendix A under the control mmemonic OUT-
PUT.,

C. Runstream for RUN_#3
The data lines which were added to the RUN #2 runstream to produce
RUN #3 are indicated by arrows in Figure 34,

VII. OUTPUT FROM RUN #3

A, Baseline Output

Figure 35 contains the effectiveness versus time data from RUN #3,
Unlike RUN #2, which had no repairs, the average ability of the unit to
lead trucks does not continue to decrease toward 0.40 (the handload-only
asymptote); rather, a "plateau" is reached around 0.85 at which the
failures and repairs seem to be "balanced.'" 1In fact, a slow decrease is
still present, since dead (irreparable) failures continue to comstitute
10 percent of all failures.

Inspection of the survivor table (Figure 36) shows the effects of
repair: a much less precipitous decrease in the number of forklifts
and cranes, and a slow decrease in the average number of PARTS.

The link results table (Figure 37) shows the effects of repair
activity. Beginning at time 10., requests for the repair link began, and
by time 60., had begun to be undertaken. The HANDLOAD link was often
still a limitation, since loading continued while repair was being con-
ducted. Several new phenomena appear. The LOADMSTR and FKLFT OP jobs
became limitations in some replications, since the needed persomnnel are
engaged in repair. Repairs are seen to be done both as part of the
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#THIS IS THE INPUT FOR RUN #3

REPERTOIRE

FGS

TRUCKy TRK

FKLFT

CRANE,s TRK

RADIDy TALKY

ALARM, TALKY

TELS»TALKY

R/T OPys PERSONNEL

LOADMSTRy PERSONNEL

DRIVERs PERSONNEL

MEN, PERSNANNEL

FKLET 0Py PZRSONNEL

CRANE 0P, PERSONNEL

RIGGER, PFRSONNEL

PARTS )

# ANY RUN WHICH EMPLOYS WEAPONS ( REFe OTHER EXAMPLES IN THIS REPORT )
# MUST LIST WCAPON NAMES AFTER A “YEAPON™ CARD IN THE REPERTOIRE
END # THIS END CARD IS ESSENTIAL

# NOT: THE USE OF THE # SIGN TO INPUT COMMENTS TRANSPARENT TO THF CODE
DEPLOYMENT

R/T OGPy Oesdesr leslrly25151,50

RADID» Qes0eslesrlslslrlsrlsn0

ALAPM) Oo09002leslslrlslrlys0

TELE) O0es00slesrlslylslslyd

MENs Deslerlesrlslsrlsrlslyl

TRUCKs 20e95Ce90e59191915151,0

DRIVER 9200950090 0eb5191935151,5C

FKLFTs 20e550051621515151,1,¢C

FKLFT 0Py 2009506s1091515351,51,0
HANDLOAD» 206 »5Ce9=50915104515150 # THIS IS A DUMMY LINK.

# THE = SIGN ABOVE IS OPTIDNALe SINCE HANDLCAD ISN'T IN THE REPERTOIRE,
# THE CODE KNOWS HANDLOAD IS A DUMMY LINK,
LOADHSTR520693002910915 155515150

HENy2005680092e2151915151,1

ALARMy 204s800210915151515150

CRANE) €099 600s102519191515150

CRANT DOP»60es60esleslslr3515150

TRUCK» 606960 0200451515151 5150

DRIVER 9 60es60Ces5004s15153515150

RIGGER» 6009600210910 15451,1,0C

MEW»3069Cer20s10191s151»1

PARTS»1069100510002121515151,0 [
REPAIR100s100s=2021s15151,150 <

END

LINKS

DRIVER, les 1
$4y TRUCK
$PERSONNFL
$Tel%;

$E»e 85 e e e

~_Figure 34. RUNSTREAM for RUN #3
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AT TR

TR

RADIN, 1,40
TELE»140

TRUCK» 140

CRANE 0951405160
$ASCRANE

$FKLFT 0OPs RIGGERy LOADMSTR
$T» 106es 545 5o
$E» 048y Ue5s 160
RIGGER)y 1,0
$PERSINNEL

$T» 5o

$Es» 0o b6

CHAINS

R/T 0Py +1, ILOADING TECHNIQUE, TRUCK, LOADMSTR

END

HEADING

THIRD EXAMPLE RUN = REPAIRS

END

FAILURE RATE

CRANEs» 1080ese85el

FKLFTs 720es ¢8s0l

END

INTERNAL RECONSTITUTION TIMES

#THESE ARE THE TIME INTERVALS FOR RECUNST.: RELATIVE TO OTHER EVENTS
10696N0es120e51804

END

RECONSTITUTIONS

#THIS INSFRTS DUMMY EVENTS TO ALLOW FIXING THE ABOVE INTERVALS
0091806-360e55400072009900651080491260,

#NOTE THAT THESE ARE ABSOLUTE SCENARIO “CLOCK®™ TIMES» AS OPPOSED TC THE
#RELATIVE TIMES SPECIFIED AFTER THE INTERNAL CARD

END

REPLICATIONS

50

END

EXPENDABLE <

$P4RTS  # THE ¢ INDICATES EXPENDITURE CONNECTED TO REPAIR
END -

R/T 09y 1le0s 1le0

SLOADMSTR,PERSONNEL

€T920e 515,

$E» le0s» Qo8

FKLFTy 160

CRANEs 1le0

FKLFT 0Py 1e40y 147

$Ay FKLFT

SCRANE OP, LOADMSTR, PERSONNEL

$E50e75 1eds 002

$Ts 1Des 545 5o

LOADMSTRy ley 24

$My 75

Figure 34. RUNSTREAM for RUN #3 (con't)
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HANDLOAD» 5.0 65
$Mr1e92
$PERSONNEL
$Erle
$T» 5
PARTS» 140
REPAIR,2,40
SLOADMSTRH,CRANE OP»FKLFY 0P
$T515¢51%»10,
$Esleslorl,
* END
SUBCHAINS
*1y FKLFT, FKLFT OP
- %2y CRANF, CPANE 0P, RIGGER
*3)REPAIRyPARTS P
END
ORLINK
+1s RADIO, TELE
+29 %1, HANDLOAD
END
COMPOUND LINK
ILOADING TECHNIQUE
429 0675
%2, 0425
END
REPAIR P
FKLET
$ #35151005120¢250¢91042100 # RPR LNKyDMG LVL,PRTY,RPR TIM,STOeDEVe,LOC
t %3,2,1e0536005100021C0»104
CRANE
$ %¥3,1,1¢05120405%0510e2100
$ %35291¢05360e210065106,100
END '
oUTPUT
CASUALTIES,ON
END
60
SToP

I

~ Figure 34. RUNSTREAM for RUN #3 (con't)
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mission (line #1 in the link-use table) and ucing available personnel
and equipment (line #5).

Finally, the end-of-encounter summaries show the average number of
failures, repairs ordered, repairs completed, and status of repair at
the final time point (1440.).

The complete output from RUN #3 is contained in Appendix D.

B. PREFAIL_Excursion

A number of excursions (corollary runs to study the sensitivity of
results to specific parameters) are often suggested by the results of an
AURA run. Two excursions were conducted for RUN #3: First, to illus-
trate the PREFAIL option, a "PREFAIL-ON" run was done. Secondly, the
sensitivity of results to a limitation in the number of repair parts was
conducted.

The runs conducted thus far have assumed that all deployed equip-—
ment (and personnel) were all available at the beginning of each repli-
cation. In the case of time-dependent failure and repair, it may be
more realistic for some studies to assume that repairable failures and
then subsequent repairs have occurred before the time period of the AURA
run. It can be shown that, given sufficient time, the expected frac-
tion, f, of equipment which are awaiting repairs given by:

f =F/(F +R) (1)

where F is the failure rate, and R the repair rate for each type of
equipment and particular mode of failure or repair.

When the PREFAIL option is not turned OFF, AURA uses the values of
f as a probability function for each type of "fail and repairable"
equipment, A Monte Carlo technique uses these values to preselect
equipment failures before commencing each replication. Items designated
as failures are then available for repair at the onset of the encounter.

C. Limited Repair Parts

A final excursion, RUN #3B, was made on the Failure-Repair example
(RUN #3). In this excursion, the initial number of PARTS was decreased
from 100. to 2.

The . s from this excursion are shown in Figure 37. At first
glance, ti. .- appears to be essentiallv no difference between RUNs #3

and #3B, Thus is certainly to be expected, since the mean times between
failures (750 and 1080 minutes for the FKLFT and CRANE respectively) are
fairly long in the time scale of the runs. In fact, even with unlimited
repair parts, the END-QOF-ENCOUNTER-SUMMARY for RUN #3 (contained in
Appendix D) shows an average total of only 1.9 repairs ordered, and less
than 1.5 completed. However, as time progressed, one would expect the
lack of repair parts to become more critical. In fact, as seen in Fig-
ure 38, the results of the runs are beginning tc diverge as the
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encounter time exceeds the characteristic failure times of the equip-
ment.

VIII. ATTACKING WITH FRAGMENTING/HIGH EXPLOSIVE MUNITIONS

A. General

In this section, the scenario being built around the example unit
is extended to include an attack on the unit with area coverage muni-
tions. The munitions employed in this chapter are "conventional" (frag-
menting, high explosive), but the modeling of their delivery is similar
to the delivery of nuclear or chemical warheads. The input requirements
for modeling the immediate response of personnel to incoming area muni-
tions, viz, to change posture, is also similar for all area munitionms.

We will take advantage of these similarities in discussing weapon
delivery and posture change models in this chapter.

On the other hand, the result of warhead detonation, and the model-
ing of posture change effects are quite different, and must therefore be
represented by markedly different models. Conventional lethality models
are discussed in Section VIII.E, of this chapter; nuclear and chemical
effects are left for subsequent chapters.

B. Target Location and Warhead Delivery Errors

e e 0 S e e e e e 4 e e e et ey S

In the delivery of warheads to an area target (for example, firing
rockets at the example unit), there are a number of rather independent
sources of error., First, the actual location of the target is imper-
fectly known. For example, if the perceived location is based upon tri-
angulation of an intercepted radio signal, the probable errors inherent
in the process show up as probable errors in aimpoint.

Secondly, inaccuracies in the delivery systems result in two types
of delivery errors. One type, called correlated errors, applies to
those rounds in an associated set, such as in a volley. This type of
error could be caused by an error in meteorological data, which affects
the delivery of all rounds. The second type, independent, applies to
any effects which result in round-to-round deviations.

AURA accounts for target location errors (TLE) and delivery errors
independently, using a Monte Carlo approach. At the beginning of each
iteration, random numbers are drawn and multiplied by the user-input TLE
standard deviations to determine specific target location errors (range
and deflection). This set of TLE remains in effect for the duration of
the iteration, unless caused to be replaced by a TLE-change event. (A
TLE-change event might be used to model the effect of a mid-encounter
move or change in signature.)

Similarly, random number draws, multiplied by standard deviations,
are used to develop specific values for delivery errors. For each set
of rounds desiznated as a volley, specific range and deflection errors
are calculated. In addition, each round has an independent set of range
and deflection errors randomly derived. The standard deviations used to

75

)-

Ty e [T
L7 ek

']

T
T U

b e
P

ke

1/
4

)

> i R
HIPINI RO

s

=

PR
LN SV A

¥
A

i

j

3

TN
EoR
St PPy

-
v
1

AL 3SR

LR SF A
[N G AP

?,. ..,
NP S
. 3w A

v

——gg T
£k

oy o

v "y
» K _»
P i e |

-,
-

s = = N 1
~ 4T

e %y “x 73

Vo
B AR

C e
n‘r]'»

LIS

]
L
[osh¥ g 4

pa

.. ,_n_
. |.\'«¥. P
a !-(-’. 1 -~




o

= VAR

X

3t

x A

derive correlated and independent errors are user-input for each weapon
type. Like the standard deviations for TLE, the standard deviations for
correlated and independent errors can be changed by a user-input
delivery error change event to model, for example, a mid-encounter
change in accuracy due to a change in range.

The total error for any specific round is then given by the sum of
the target location, correlated, and independent delivery errors. The
errors are applied to the user-designated aimpoint (for example, the
radio location in the case of radio intercept targeting) to determine
the actual burst point for each munition. The height-of-burst, which
depends only upon the designated height and round-to-round variation
(independent error), is also randomly calculated.

Although the above discussion has referred only to standard devia-
tions, there are distributional and input format options available, The
most common distribution is the bivariate Gaussian. In this option,
independent random numbers are drawn from a normal distribution and mul-
tiplied by user-input standard deviations to determine specific range
and deflection errors.

Normally distributed random numbers are also used with the CEP
(circular error probable) format options. The user~input CEP values are
internally converted to equivalent standard deviations before processing
as above, '

In some studies, it may be desirable to model some of the errors as
being uniformly distributed. For example, in studying the resiliency of
a unit that has no salient signature point, it might be appropriate to
specify an area in which an aimpoint is randomly selected. As another
example, consider a weapon system which is designed to wmiformly scatter
submunitions over an area. This can be modeled as a volley of submuni-
tions having a normally distributed correlated error that reflects the
delivery error of the carrier and wniformly distributed independent
errors to model the uniform random dispersal of submunitions. AURA
allows the user to designate uniformly distributed deviations by prefix-
ing the input value with a minus (-) sign. Any value so designated is
taken as the amplitude, A, of the error distribution: any specific
error will lay between +/- A.

DELIVERY ERROR
WEAPON NAME, (t), REI, REC, DEI, DEC, HGB

where (t) is the time for a change-event (optional)
RELI is the range error, independent
REC is the range error, correlated
DEL is the deflection error, independent
DEC is the deflection error, correlated
HOB is the height of burst error
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C. Coordinate Sys:ems :-'j\."::

B

The above discussion implied the existence of a new coordinate Dy

system, namely range - deflection. In fact, there are three coordinate ‘_._:

systems used in AURA. The primary system is the cartesian, X-Y, coordi- i@

nate system in which the target deployment is specified. Recall that :‘:’»{

both the origin and scale unit of length are established by the user; f."\{

however, it is strongly recommended that a convenient point in the tar- A

get area be used as the origin, a convenient direction for the X-axis, “*f:

and one meter be used as the unit of length. L

. o
Weapon effects and delivery errors are dependent not on the user’s ?';}}

choice for X-axis direction but on the direction of the incoming fire. ;Cj-i

., This direction defines an axis called RANGE, which is positive in the e
incoming direction of the threat: the direction counter-clockwise {H
(right-handed) perpendicular to RANGE is the positive DEFLECTION direc- W)

tion. Orientation of the RANGE-DEFLECTION coordinate system is estab- e

b
3

lished by the user by specifying the angle between the unit X-axis and
the RANGE axis. The unit of length for the RANGE-DEFLECTION system must
be the same as that for X-Y (meters). Finally, the origin of the
RANGE-DEFLECTION system is moved, by AURA, to the appropriate X-Y point
for each application. For example, an aimpoint error - specified in

..‘..
‘t*’llk «
Al s

(3

IOTTE e Y
K2 A

2

1]

range and deflection - is measured from the actual target (X-Y) aim~ &m
point. The relationship between the X-Y and RANGE-DEFLECTION systems is ":';
shown in Figure 39. ' .
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The third coordinate system, DOWNWIND-CROSSWIND, is very similar to
RANGE- DEFLECTION, the only difference being the substitution of the
WIND DIRECTION angle for the INCOMING FIRE DIRECTION angle. DOWNWIND-
CROSSWIND is used for the chemical weapon effects described in Volume
II,
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Usages of the various coordinate systems is summarized in Table 2.
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TABLE 2. COORDINATE SYSTEMS FOR GEOGRAPHICALLY RELATED PARAMETERS

PARAMETER COORDINATE SYSTEM COMMENT
Deployment of items X-Y Defines X-Y system
Aimpoint X~Y e.g. Signature point
Target location error RANGE-DEFLECTION Measured from Aimpoint
Delivery errors RANGE~DEFLECTION Measured from Aimpoint
. Burst point of munition X-Y Internally computed by AURA
Conventional weapon RANGE-DEFLECTION Measured from burst point
effects (Lethal radii) -
N
)
Chemical contamination DOWNWIND-CROSSWIND Measured from burst point t{:
and vapor clouds W
| o
Volley parameters RANGE-DEFLECTION See Section VIII C h;;
(length, angle, movement) O
Sl
fli
D. Specification of Incoming Fire - ROUND_and VOLLEY ifj
Two options exist for specifying the arrival of incoming rounds, i;‘
the ROUND and VOLLEY inputs. Of these, the ROUND option, specifying the e
arrival of one warhezd, is the simpler. The format for the ROUND input :}ﬁ
is: RS
e
WEAPON MAME, TIME OF ARRIVAL, AIMPOINT (X,Y AND z) i;;
7
Ko
As noted in Table 2, the aimpoint is in the X-Y (target) coordinate sys- Zuﬁ
tem. Ros
ko
L
It quite often happens, however, that a correlated group of rounds i
arrives - such as rounds in a volley or bomblets in a common carrier. RO
Such cases may be modeled as designated aimpoints in a pattern, with the e
. pettern centered about a volley aimpoint. In AURA, the pattern shape is -

5
;

taken to be a line, with length and angle (with respect to the incoming
fire (RANGE) direction) user specified. The format for VOLLEY input is:

Ps

LI S |
LS o
¥ .

N WEAPON NAME, TIME OF ARRIVAL, X,, v,, 7,, NR, ANG, LENGTH =
E )
b, where ff
( ,
7 o
i XA, Yp, Zp is the designated aimpoint ﬁ§j
| '&::
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NR is the number of rounds in the volley

ANG is the angle between the volley line and the incoming (RANGE)
direction, and

LENGTH is the length of the volley line.

The angle, ANG, allows the modeling of markedly different delivery
means. For example, an artillery barrage customarily attempts to lay a
line of impact points perpendicular to the RANGE (incoming fire) direc-
tion: this line is then moved (walked) in the range direction. On the
other hand, an aircraft laying a stick of bombs lays them parallel to
the incoming direction.

The actual burst points of the munitions differs from their
intended burst points because of the errors described above. First, the
actual location of the unit relative to the perceived location is a ran-
dom variable (in X and Y), dictated by the target location error. Then,
the center point of the volley pattern - the pattern aimpoint - differs
by a random amount (in RANGE and DEFLECTION), as driven by the corre-
lated delivery errors. Finally, each round burst point differs from its
designated point in the pattern by its randomly chosen independent error
(in RANGE and DEFLECTION).

The ability to specify uniform and/or normally distributed patterns
about a designated line of points gives a fair amount of flexibility to
the threat input. For example, in this chapter, a conventional threat
is delivered against the example unit. The threat chosen consists of
two improved conventional munition (ICM) warheads, each carrying 42 bom-
blets, Each ICM was modeled as a volley of 42 rounds. Since all rounds
emanate from the same point, tk-= volley length was set to 0.; the volley
angle (immaterial for a zero-length volley) was set at 90. degrees. One
ICM, arriving at time 1., was aimed at the center of the unit (40.,40.);
the second, at time 300., was aimed at the RADIO location (0.,0.). The
correlated delivery error, which accounts for the delivery error of the
carrier warhead, was set at 160 meters in range and 80 meters in deflec-
tion, both being standard deviations from a normal distribution. The
independent error was used to randomly distribute the 42 bomblets in a
pattern about the actual burst point; the pattern is uniformly distri-
buted +/- 50 meters in range and +/- 25 meters in deflection.

The runstream to input this data is shown in Figure 40.

e e G et A et e (e A o o B P A e S

The lethality of a high explosive, fragmenting warhead is a compli-
cated function of a number of diverse parameters, such as target-warhead
spatial relationship; warhead orientation; terminal velocity and func-
tioning characteristics (blast and fragment patterns); target posture
and defeat criterion; and atmospheric effects. The Joint Technical
Coordinating Group for Munitions Effects (JTCG/ME) has standardized
methodologies for evaluating lethality; the outputs of those methodolo-
gies 1involve evaluations of the probability that a warhead above a
specified point on the ground, at a specified height-of-burst (HOB),
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100 VOLLEY
110 WRHDICM,1.0,40.,40.,0.,42,90.,0.

12¢ WRHDICM,300.,9.,0.,0.,42,90.,0.
130 END .

149 DELIVERY ERRORS

150 URHDICN9—500,1600'"850'80¢,00
169 END

170 CONVENTIONAL LETHALITY INPUT
“9 END
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with a given set of characteristics, will cause a specified level of
damage (kill criterion) to a fixed target in a specified posture. By
repeating such evaluations for many different points on the grouad, a
map of kill probabilities (P,) can be drawn. (The areal integral of
those kill probabilities over all points on the ground yields the com~

monly used lethal area (AL) or mean area of effectiveness (MAE) value.)

There are several ways of representing a kill probability map for
use in AURA. An overly detailed (currently disabled) technique is to
input a comprehensive grid of P, values for every weapon-targeét-posture-
kill criteria-HOB combination. AURA places the appropriate grid about
every target and evaluates the probability of every incoming weapon
against the target. As expected, such a technique is grossly demanding
of computer storage space and has less detailed techniques.

The other techniques for representing the Pk maps basically amount

to fitting those maps with simple functions in range and deflection,
such that the approximate P, of a warhead detonation is quickly found
from the range and deflection to the target, the HOB, and the target
posture and kill criterion. In AURA, two kinds of simple functions can
be used: Carleton (exponential) functions and sets of one or more con-
centric step functions. (Examples of these are shown in Figure 4l1).
Various functional forms can be mixed in the same conventional lethality
data file for a given AURA run. For more on fitting of functions to Pk
maps, see Reference 6.

The mnemonic command CONVENTIONAL causes AURA to read conventional
lethality data from input channel 2. The format of such data is:

é;: 6 JTCG/ME, "Simplified Weapons Evaluation (QUICKIE) Computer
.4 Program," 61 JTCG/ME~77-1, 25 February 1977.
o
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WEAPON 1

TARGET 1, DATA TYPE CODE 1
NHOB, <----Heights (meters)
NP0S, <----Descriptions
NCRIT,<----Descriptions

NHOB*NPOS*NCRIT
NCRIT
data liues NPOS
NCRIT
TARGET 2, DATA TYPE CODE 2 NHOB NCRIT
NHOB, <-—-Heights NPOS
END
WEAPON Z

TARGET 1, DATA TYPE CODE 1

END
END

Here, NHOB is the number of heights of burst, NPOS is the number of
postures, and NCRIT is the number of kill criteria for which data is
being input. The code numbers, which indicate the form of the data for
each weapon-target combination, are listed in Table 3.

A final comment must be made about the apparently prodigious amount
of data involved in conventional lethality. The methodologies ue.d and
parameters available do allow the user to portray highly detailed
effects and differentiate between fairly subtle parameters; such capa-
bility might be necessary for evaluating highly technical developments
(e.g. the effectivenmess of a new fuse). However, such detail is not
necessary for AURA to run. In the more usual case, a single HOB, pos-
ture, kill criteria, and a single P, and radius for each weapon-target
type is sufficient. This is, in fact, the lowest level of detail at
which data readily are available (e.g., in JTCG/ME wsanuals). Any
attempt to use a more general probability of kill, or to use one in a
more general fashion, requires an amount of modeling and pre-processing
be done off-line in order to derive appropriate values for the general-
ized parameters. The philosophy in building AURA was to avoid off-line
modeling by incorporating within AURA itself sufficient coding to take
the standard data that do exist in the form in which they exist.

Figure 42 contains conventional lethality data for the example

unit., The warhead, called WRHDICM, was listed as a weapon in REPER-
TOIRE; target items, FKLFT, TRK, TALKY, PERSONNEL, and PARTS, were
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TABLE 3. DATA TYPES

CODE NoO. DESCRIPTION NO. O0F PARAMETERS COMMENTS
1 Complete grid - Currently disabled
2 Carleton-von Neuman 3 "Peak" Probability
plus exponential
. constants in

range and detlection

3 Step function 3 Probability (P),

: radius in RANGE
(R,), radius in

DEFLECTION (RY)

4 Special system - Currently disabled
5 2-step function 6 Pl’ RXl’ RYl’ P2,
Ry2» Ry
6 3-atep function 9 . Py RXl’ RYl’ Poy
RXZ’RYZ’ P3’ RX3’RY3
7 Asymmetric 4 Like 2, but differ-
Carleton ent exponential

constants for
+ and - range

8 Asymmetric step 4 Py, RO, » R
function 1 RX RY RX
9 Asymmetric 2-step 8 P, K., ’ ’
function 1 RXl RYI R§l
P - +-
2 * B Ryo Ko
10 Asymmetric 3-step 12 P ,R_,R _, R,
function 1 A7 X1 X1

‘ Py Koo Rypr Riyo
Res» Ryso Reg

3
-
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CONVENTIONAL LETHALITY DATA

WRHDICM

FKLFT.S

1,0.

1,0PEN

3,HEAVY,MEDIUN,LITE

1.,3.37,3.37,.3.,15.06.15.06

1..3.52,3.52,.3,47.18,47.18

1.,3.53,3.53,.3.47.88,47.88

TRK.,S

1,0.

1.,0PEN

3,HEAVY.MEDIUM, LITE

1. 03.42)3.480 .3'24‘.89184.89

1..,3.52,3.52,.3.,51.42,51 .42
.»3.53,3.53,.3,52.11.,52.11

OPEN

1, INCAPACITATE
1.,2.96,2.96,.3,19.84,19.84
PEgSONNEL,B
1,0.

2, 0PEN, PRONE
1, INCAPACITATE
1.,13.06,13.06
1.0, 5.0,5.0
PARTS, 3

1,0.

1,0NLY

1, INCAPACITATE
1.0,7.68,7.68
END

Figure 42. Conventional Lethality Data for the Example Case
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listed as assets. Notice that TALKY and PERSONNEL were not unique
names but served to relate one set of lethality data to several assets.
Two data types, 3 and 5, were used to demonstrate mixing of data for-
mats. A single HOB, posture, and kill criteria -~ and hence a single
data line - was used for TALKY and PARTS. Personnel data wae input for
two postures, OPEN and PRONE, thus requiring two data lines. Finally,
three kill criteria, corresponding to TOTAL LOSS, AT LEAST MEDIUM DAM-
AGE, and AT LEAST LIGHT DAMAGE, were input for the repairable items.
Notice that such data is sequentially inclusive; AT LEAST LIGHT DAMAGE
includes MEDIUM and TOTAL DAMAGE. This format is essential to interface
with standard vulnerability evaluation techniques.

F. RUN_#4 - Results

The addition of conventional attacks on the example unit caused
several changes in the output of the AURA run. The first, of course,
was to add new lines to the event table (Figure 43) and to add a weapon
table to the "repeat-of-input" printout. There follows sixty-four pages
of intermediate results detailing every damage and casualty in each of
the fifty replications, along with all information on the round which
caused it. The printing of this information was caused by turning
CASUALTIES, ON under the OUTPUT mnemonic. This detailed printout also
includes casualties resulting from non-hostile causes, such as the reli-
ability failures which were seen in RUN #3,

Comparing the final, encounter results of RUN #3 (Figure 35) with
RUN #4, one first notices a generally lower set of effectiveness values,
with marked decreases at times 11. and 310., resulting from tbe lethal-
ity events at times 1., and 300.. The frequency distribution of results
shows a greater spread, including some replications in which the effec-
tiveness decreased to 0. (Recall that the minimum effectiveness in a
non-hostile environment was 0,4.) The reason for the appearance and
disappearance of 0. effectiveness becomes apparent by studying the
succezding outputs.

The next table, FUNCTIONAL GROUP SURVIVORS, (Figure 44) from RUN #4
markedly differs from that in RUN #3 (Figure 36). Whereas only those
assets which failed showed any decrease in RUN #3, all assets had losses
in RUN #4. In particular, the average number of R/T OPs decreased from
1. to .% at time 11., and to .9% at time 310.. These numbers, averaged
over 50 replications, indicate that the sampling of weapon delivery
errors, in some replications, resulted in warhead burst points which
caused R/T OP casualties, Imn fact, since the lethality file (from input
channel 2) specifies only Py = 1. or P, = 0. for persomnel, there must
have been exactly 2 replications which produced an R/T OP casualty at
time 1. and 3 additional replications resulting in R/T OP casualties at
time 300, Since the CASUALTY output option was turned on for this rum,
the occurrence of the R/T OP casuvalties was printed out in the inter~
mediate results, as discussed above. Perusal of that output revealed
the specific 5 replications in which R/T 0P casualties occurred.

The next table, LINK RESULTS (Figure 45), also differs from that in
RUN #3 {(Figure 37). At time 11., after the first lethality event, a
number of links have recorded weak replications. The repair capability
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is used more often. Notice that, as expected, the R/T OP job also
appears, as the weakest link in 2 replications. Since the R/T OP 1link
was an essential node in the available chain, and since the R/T OP (per-
son) was a total casualty in 2 replications, the cause of the 2 zero-
effectiveness replications in the frequency of results table is now
clear. However, looking down to time 61., one sees that the R/T OP link
is no longer weakest in any replications. Apparently, in those replica-
tions in which it was weakest, some substitute was made. Recalling the
(input} substitution table, a number of substitutes are possible: how-
ever, all require at lsast 15 minutes to substitute. Therefore, such
substitution was not donme by time 11, (The actuval substitutions made,
of course, are avaiiable in the intermediate results by turning RECON-
STITUTION on in the OUTPUT.)

Numerous other results are available to study the interaction of
various combinations of losses, the ramifications of reallocation deci-
sions, etc. However, it is beyond the scope of this report to detail
the importance of every example number. For now, we content ourselves
to point out one new occurrence. At time 310., and at intermittent
times thereafter, the CRANE OP link shows replications in which it was
weak due to limitations in the number allowed in the link. Recall that,
in the description of the CRANE OP job, it was stipulated that there
could only be one operator per crane. (CRANE was identified as an asso-
ciated link for CRANE OP.) 1In this run, replications occur in which the
crane team leg of the loading capability is limited by the need to put a
less-than-100 percent-effective substitute into the CRANE OP job. Other
equal or less effective substitutes were also available; however, the
stipulation of one per crane limited further assignment of assets to
that limiting link.

The final output tables summarize the results of RUN #4 in terms of
the operant chain., The end-of-encounter summaries reveal some interest-
ing interactions between failure, repairs, and lethality. Recall that
RUN #3 inputs specified a preponderance of light failures for FKLFTs and
CRANEs. However, the lethality data in RUN #4 for those items favored
medium damage. As a result, although the failure data was unchanged,
the repair load shifted from a predominantly light repair to an approxi-
mately even distribution of work. Total failures decreased by 20 to 30
percent, since combat damaged equipment is out of action. Number of
repairs completed, (and total number of parts used) was virtually
unchanged between RUNs #3 and #4: this resulted from the fact that
capability to do repairs-in particular, capability to staff the REPAIR
link-was a predominately weak link, as recorded in the LINK RESULTS
table.

The complete output of RUN #4 can be found in Appendix E.

G. Stochastic_Lethality

In AURA“s normal mode, lethality is compiled deterministically:
that is, a probability of loss is equated to a fractional loss. Thus,
if the lethality routines indicated that a truck has a 0.4 chance of
surviving a particular warhead detonation, the code considers 0.4 trucks
as remaining, In fact, however, there should be one, or no, trucks

94

t



surviving in any one replication, with the latter 1.5 times more prob-
able than the former.

AURA allows the user a stochastic alternative to the deterministic
lethality., There is no difference in the lethality routines or data.
However, by specifying STOCHASTIC, ON under the MODE mnemonic, the user
causes AURA to use a Monte Carlo technique, drawing random numbers
against the calculated kill probabilities. These draws determine
specific, total casuvalties and survivors for each event. The code then
proceeds exactly as before, using the surviving assets in the same

’ optimum allocation routines, repair routines, etc. While the stochastic
model is, in many ways, intuitively more realistic than the determinis-
tic model, the use of additional Monte Carlo processes requires, in gen-

. eral, many more replications to generate a statistically valid sample of
results, For that reason, AURA has historically been run in a hybrid
mode: stochastic modeling was used for the highly singular effects of
warhead delivery and deterministic modeling used for the lethality
thereof. However, certain studies, in which specific instances of
survivors/casualties are crucial, may require the totally stochastic
approach. To demonstrate the effect of stochastic lethality, RUN #4 was
repeated, changing only the MODE to STOCHASTIC LETHALITY, ON. The
results are shown in Figure 46, Most striking is the similarity in
averaged results. Final averaged effectiveness, for 50-replication
runs, differ by approximately 3 percent. Similarly, average asset sur-
vivors differ in the order of 0.02. Striking differences are seen, how-
ever, in the occurrences in. specific replications. For example, the
frequency distribution of results shows several more 0. effectiveness
results, as expected., Similarly, differences are seen in the LINK
RESULTS table. However, the smoothing effect of looking at an entire
unit, plus the averaging over a large number of replications, icads one
to conclude that the final, average unit effectiveness is sufficiently
well modeled by the deterministic technique for this example unit.

IX. MULTIPLE MISSIONS

In this excursion, the execution of a competing (non-preferred)
mission and a time-sequenced alternate mission are demonstrated. The
migsion to compete with loading a truck is to take an order on the radio
and relay it on the telephone. The LOADMSTR or R/T OP can do this job;
however, this mission is a last resort and is arbitrarily valued at
0.3. The sequential mission is to move the unit. For this purpose, a
TRUCK, a LOWBOY, DRVRl, DRVR2, and a RADIO are required links.

A. A_"Dummy" Link

P S

et
'

« - It is often convenient, especially in cases involving secondary
R missions, to allow inclusion of tasks other than those done in the stan-
o dard procedure for accomplishing the initial mission. Such unstaffed
,’_r‘ tasks have historically been called dummy links. An example of this,
- the HANDLOAD alternative to using the FKLFT, was briefly discussed in
B Section II A. To specify a "dummy livk," the user need only 1) give the

q task a unique name, 2) deploy the link as though it were a person or
- piece of equipment, and 3) include it as any other link in the link
.
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definition input (after the LINKS memonic). In defining the dummy
link, those assets which could perform the task, if necessary, are iden-
tified as substitutes.

For this excursion, a number of dummy links d1is introduced. These
are listed in Table 4. The LINKS input is shown in Figure 47. Note,
particularly, the RELAY link. Since the chain to describe the relay
mission will be a simple string of ANDs, that mission will never be
evaluated higher than its least effective link. Limiting the RELAY link
to a maximum effectiveness of 0.3 therefore limits the relay mission as
a whole to a maximum of 0.3. Preference is thus assured for the origi-
nal loadip~ -ission unless it is degraded below 0.3,

TABLE 4, DUMMY LINKS FOR RUN #48

A e Ll T ot pup——

LINK NAME NO. REQUIRED MAX EIF SUBSTITUTES
RELAY 1. 777777777730 TLOADMSTR, R/T OP
DRVR1 1. (100) PER SONNEL
DRVR2 1. (100) PER SONNEL
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LINKS

DRIVFRe Jo0 1,
$SAy TRUCK
SPERSONNEL

ST’IS.

SE’.BS

RADIO4140
TELE+1.0

TRUCKs 1,40

CRANF OP+1.0¢1,0
$As CRANE

$FKLFT OPy RIGGERs LOADMSTR
ST9 10600 See Hoe
$Ev 0.89 0.59 1.0
SPERSONNEL

sT’ 5.

SE’ 0.6 -

R/T 0Py 1.0e 140
SLOANMSTR+PERSONNEL
$T+20.915.,

$Es 1.0s 0.8
FKLFT, 1.0

CRANE, 1.0

FKLFT OPy 1.0s 1,0
$Ay FKLFT

SCRANE OP+ LOADMSTRe PERSONNFL
SEOO:Q' 1ele De2
STQ 10er 5,0 5.
LOADMSTR. "’ 2.
$My 75

HANDLOAD, 5,0s 65
3’4'1.0
SPERSONNEL

$Eel.

ST’SO

PARTSs160
REPAIRs2.0
SLOANMSTRICRANE OP FKLFT OP
$T915.915.410,
$Evlaslenl.

RPR ARILITY.1.
LOWBOYs 1.
DPVR1e1,
SPERSONNEL

SFtlo

STQIOQ

DRVR241.
SPERSONNEL

SE,I_.

$Ts10,.
RELAY01003001-
SR/T OP+LOADMSTR
$Felanle
ST’OQOIOU

END

fa e s

: ,
AP . .

£
-
-
.
=
w

Figure 47, LINKS Input for RUN #4B
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B. Chains for RUN #4B

Besides the original chain described in Section II.I, two other
chains were added for this excursion. The input stream for chains is
shown in Figure 48. Notice the insertion of lines beginning with $T,
signifying time intervals during which each chain is operant. The for-
mat for the $T card is:

$T,start time l,stop time 1,start time 2,...

Thus, Figure 48 specifies that chains 1 and 2 are operant from start
until 540. and from 900. until infinity; chain 3 {(the move chain)
operates from 540. until 900.

To demonstrate the flexibility in structure of AURA, a further,
subtle complication was added to RUN #3B: during the move, all repair
activity must stop. There are several ways to cause this to happen.
The way chosen here consists of creating (via the REPERTQIRE) an ima-
ginary asset which we call RPR ABILITY, along with a corresponding, sim-
ple link. One unit of RPR ABILITY is deployed. (To avoid calculating
weapon effecte against RPR ABILITY, the deployment point was chosen at
infinity. The alternate name satisfies checks for the existence of
lethality data.) Therefore, the RPR ABILITY 1link, which was added to
the repair subchain (*3), can be satisfied at time 0, An external loss
event, inserted through the LOSSES mnemonic, removes RPR ABILITY at move
time (540.), making repair impossible. After the move (time 900.), RPR
ABILITY is again inserted using the REINFORCEMENTS mnemonic.

The resulting effectivenesses from RUNs #4 and 4B are plotted in
Figure 49. Except for the move mission time interval (540. to 900.),
the two are nearly identical. The reason is that the primary (LOADING)
mission effectiveness, in RUN #4, seldom fell below 0.3. Therefore, the
competing (RELAY) mission was only chosen in approximately 7 replica-
tions. (The precise number of uses for each chain, as read from the
CHAIN RESULTS on TIME output, varjes for different reconstitution
times.) Furthermore, since the RELAY chain was limited to an effective-
ness of 0.3 and used some of the same assets as did the LO4DING chain,
there was wusually little advantage gained when the RELAY chain was
chosen. It was therefore decided to repeat RUN #4B with a 0.6 maximum
effectiveness for the RELAY 1link and chain. The results from that
excursion are also plotted, as RUN #4B (60 percent), in Figure 49. As
expected, the presence of an alternative generally improves the result.
However, since the no-alternative average is near 0.6, the presence of
an alternative with a maximum effectiveness of 0.6 has a limited effect
on the overall average.

Not shown in Figure 49 is the effect of discontinuing repairs dur-
ing the move mission. Since repairs were generally going on throughout
the entire encounter, one would expect the effect of curtailing repair
operations to be proportional to the fraction of time lost. In fact,
the decrease from 1.53 to 0.99 reported in the full output (not included
in this report) represents a decrease of 35 percent, quite in line with
the 31 percent decrease in repair time available.
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CHATINS N

P/T OPy +1e TLOADRDING TECOENTOUFe TRUCKe | OpDMSTO
:ﬁT’O.lef(\oOQQ(‘o'lcFRf‘

RELAYSKADTOWTELE

q;T'Oo'bano'Q“(’QQIQFR!‘

NEVRY JDRVEPRADTOsR/T QP TRUCK $LImOY
$Te560.9900. ‘

FND

Figure 48, CHAINS Input Stream for RUN #4B
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Many other excursions could be run to test the interaction of
weapon effects and employment, unit capability and deployment, mission
requirements, etc.

X. SUMMARY TO VOLUME I

This volume has attempted to introduce the reader to the analysis
of an Army unit via the AURA family of methodologies. The approach
taken was to progress in complexity from a simple, non-combat scenario
to a fairly complete, multi-mission conventional attack. Throughout the
report, a simple, hypothetical supply unit was used as the working exam-
ple. Run #1 involved the basic set-up and description of the mit. Run
#2 added equipment failures. In Run #3, unit capability was expanded to
include the ability to divert assets to conduct repairs on its own
failed equipment. In Section VIII, the fourth series of runs introduced
indirect fire attacks against the unit. That section presented both
those factors which pertain to the delivery of indirect fire munitions
in general and the calculation of the effects of conventional (fragment-
ing) munitions in particular. Finally, a run (#4B) was done in which
the unit conducted one of two missions during certain time intervals
(commander selected most effective choice) and conducted a third mission
between those intervals, all' of which occurred in a conventional,
indirect fire scenario.

In the next volume of this user”s introduction, the weapon effects
will be extended to include those from nuclear and chemical warheads.

Special topics, such as the modeling of degraded individuals will be
included.

A third volume is tentatively being planned. In that volume, the
conduct of an AURA analysis - from data preparation through analysis of
outputs and investigation of results” sensitivities —- will be presented
from an analyst”s perspective.

During the writing of this report, it became evident that this work
would not fulfill the need for a concise manual to help the knowledge-
able user run the code. The computer-resident RCCINFO file, presented
in APPENDIX A, is felt to be too concise for this need. Therefore, a
fourth publication, an AURA User”s Manual, will be written, possibly in
conjunction with user”s guides to the growing number of utility programs
which interactively aid the user in preparation of AURA inputs.
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APPENDIX B
RUN #1 OUTPUT
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